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Influence of Carbon Dioxide upon Quality and 
Keeping Properties of Butter and Ice Cream 
By F. F. SHERWOOD AND F. G. MARTIN 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
AMES, IOWA 

SUMMARY 
1. Carbon dioxide did not improve the quality of butter, but 
showed a tendency to lower the score of the ' butter. 
2. The composition of the butter was not influenced by car-
bon dioxide. 
3. The rate of oxidation in carbonated butter was as great 
as that in the uncarbonated product. 
4. Carbon dioxide had no affect on the bacteria in carbonated 
butter. 
5. No results were obtained to show that carbon dioxide im-
proves the quality of ice cream. 
6. The texture of ice cream was not influenced by the car-
bonating process. 
7. The application of carbon dioxide to ice cream during 
freezing did not improve the standing up quality of the ice 
cream. 
S. The composition of the ice cream was not affected by the 
addition of carbon dioxide. 
9. Carbon dioxide did not affect the grovvth of bacteria in 
ice cream. 
10. Neither butter nor ice cream retained appreciable quan-
tities of carbon dioxide. 

Influence of Carbon Dioxide upon Quality and 
Keeping Properties of Butter and Ice Cream 
By F. F. SHERWOOD AND F. G. MARTIN* 
~":;-4 "- -
It is quite generally believed that oxygen of the air inclosed 
in butterl and ice cream is responsible for some of the undesirable 
changes taking place. If it were true that appreciable oxida-
tion takes place due to the oxygen in the inclosed air then re-
placing the air with some other gas would be highly desirable. 
Recently attempts have been made to replace the air normally 
incorporated in butter and ice cream by carbon dioxide gas. The 
work herein reported represents an attempt to determine the in-
fluence of carbon dioxide upon the quality and keeping proper-
ties of butter and ice cream. 
STUDY OF CARBONATED BUTTER 
The work herein reported was undertaken to compare car-
bonated and uncarbonated butter as to: (1) quality, (2) chemi-
cal composition, and (3) bacterial content. 
METHODS 
The experiments were carried on in three groups. In group 
I sweet cream was used, in group II the cream was ripened to 
percent serum-0.0063 acidity and in group III sour*'*' cream 
was used. 
GROUP I 
The cream used in this group of experiments was taken from 
the cream received at the Iowa State College creamery. 
To determine the acidity of the cream, an 18 gram sample was 
titrated against n/ l0 NaOH, using phenolphthalein as an indi-
cator. . 
The cream was pasteurized in a 50 gallon vat at 1400 to 145°F. 
for 30 minutes, then cooled to 40°F. and held two hours before 
churning. Two-hundred eighty pounds of cream (average test 
28.5 percent) were mixed in the vat, raised to the churning 
"The authors have had the active cooperation of Prof. M. Mortensen, chief of the 
Dairy Section, to whom thanks are due for many valuable suggestions. 
··Cream that tested 0.04 % or more when received. 
1. Dyer, D. C. Journal Agr. Research. 6, 24, 927-951. 1916. 
182 
temperature, and half of it weighed into each of two Junior 
Perfection churns, sizes 2 and 3. 'l'he difference in size is 
negligible. However, to avoid giving an advantage to either the 
carbonated or uncarbonated butter, the butter was carbonated 
in each of the churns alternately. The churning temperature 
varied .from 50° to 52°F. The cream was saturated and the 
churn filled with carbon dioxide gas by allowing the gas to bubble 
thru the cream from the bottom of the churn while the air was 
forced out at the top until a strong odor of carbon dioxide could 
be detected above the door of the churn. The door was then 
closed and the churns started simultaneously. 
The churning was stopped when the butter granules had 
attained the size of corn kernels. rfhe time of churning varied 
from 40 to 60 minutes. In order to avoid using an excessive 
amount of rinse water, which might wash out a great deal of 
the carbon dioxide, the buttermilk was drained off very com-
pletely. Rinsing was done by splashing one gallon of water over 
the butter as it lay on the rollers. When the rinse water had 
drained off well, the butter was washed with eight gallons of 
water, revolving the churn eight revolutions. Three percent of 
"alt was added by the "moist salt trench method," covering the 
salt in the trench. No attempt was made to regulate moisture, it 
being desired to find out if the carbonating process had any 
effect on the composition of the butter. Before working the 
butter, the churn was filled a second time with carbon dioxide 
in the same manner as before. rfhe butter in each churn was 
worked from 30 to 40 revolutions. 
rfhe tubs used for packing the butter were prepared as fol-
lows: rfhey were washed and steamed the previous night and 
soaked in water until the next day, when they were again 
steamed, paraffined, salted, and lined with brine soaked liners 
preparatory to packing the butter. The liners were prepared by 
immersing in boiling hot brine and soaking for about six hours. 
Immediately after working was completed, samples of butter 
were taken for bacterial counts and for chemical analysis. In 
order to get representative samples a trench was made in the 
butter from end to end and plugs taken from each end and from 
the center. In taking the sample for bacterial count, a part of 
the surface of the trench in the butter was removed with a s.terile 
spoon, the sample taken with another sterile spoon and trans-
ferred to a sterile cream sample bottle. 
Three 10 pound tubs of butter were packed from each churn. 
The tubs were nnmbered consecutively so as not to suggest any 
difference in the butter to the judge when the butter was scored. 
The butter was kept in thc college cooler at a temperature of 
40° to 50°F. for from 1 to 21 days and then placed in cold 
storage. 'l'he butter desired for later analysis was placed in cold 
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storage in an ice cream hardening room, in Ames, at a tempera-
ture of _10 0 to 1 0 F. Two tubs out of each churn were shipped 
to either Chicago or New York, where they were scored and 
placed in storage to be examined later at intervals of two months. 
In order to determine the effect of carbon dioxide on the quality 
of butter, scqrings were made on the butter at definite intervals. 
The butter was scored when fresh, after two months storage, 
and after four months storage. 
The samples for bacterial analysis were placed in crushed ice 
as soon as taken and plated out within one or two hours. Stan-
dard agar of the following composition was used in the plating: 
Agar 1.5 percent, peptone 0.5 percent, and beef extract 0.3 per-
cent. 
In order to avoid any chance of destroying any of the organ-
isms, the butter was melted in the sample bottles by placing them 
in a water bath at 45°C. Care was taken not to have the water 
come more than half way UP the sides of the sample bottles. The 
standard procedure for plating butter was used. The water 
blanks for making the dilutions were heated to 45°C. The 
samples were plated out in three dilutions: 1-1,000; 1-10.000; 
and 1-100,000. In order to secure growths comparable to those 
>,ccured under practical conditions the plates were incubated for 
four davs at room temperature before counting, instead of incu-
bating for two days at a higher temperature. An attempt was 
made to use only plates containing 50-200 colonies for counting. 
Duplicate plates were made of each dilution. Samples for the 
final bacterial analysis were taken when the butter was from 
three to five months old. In taking these samples sterile butter 
triers were used. A plug was taken from the center of the tub. 
:lna only the middle part of the plug was used. The top and 
hottom two inches were removed with a sterile spoon. 
Samnles for chemical analysis were kent at O°C. until analyzed. 
Determinations for moistl1re. fat. curd, salt ana ash were made 
on these samples. A fter th('~e were comnleted the remainder of 
the samnle from each churning was melted and filtered for the 
i1ptermination of the sanonification number. These determina-
tions were made in accordance with the standard official methods 
for bl1tter analvsix Samples for the final analysis were taken 
:"ftpl' thr(,fl to five months :lnd w('re secured from near the center 
of the tubs with butter triers. Each sa·nple consisted of three 
('omplete plugs. 
GROUP II 
In IlTonp II r,arbonated ripened cream butter was compared 
with air chm'ned ripened r,ream butter. 
The cream used was of that received at the Iowa State College 
creamery. The initial acidity ranged from 0:18 percent to 0.3 
TABLE 1. COMPARISON OF SCORES ON CARBONATED AND UNCARBONATED PASTEURIZED SWEET CREAM BUTTER 
Com- I Fresh Stored 2 months Stored 4 months 
pari- l <;arbonated Uncarbonated Carbonated Un carbonated Carbonated Un carbonated son 
No. Score I Remarks Score I Remarks Score I Remarks Score I Remarks Score I Remarks Score I Remarks 
I I I I I I I 1 87 88'h I Oily I Not scored I 87 I Fishy 87 I Fishy I I I I 
I I Moldy I I I I I 2 I 91 90 I Oily i Not scored I 91 I 91 I 
I I I I I I I 
I I Moldy I I I I I 3 I 87 91112 I I Not scored I 89 87 I Fis hy 
I I I I I I 
I I I I I I I High pas- I I Sharp I Clean ; 
I I Starter 92 I teuriza- I Clean Clean ; I starter I cooked; 4 91 * flavor I tion n I fresh 91 lacking 90'h I lacking 91 I lacking I I I I 
I I I I I I 
I I Cooked I Slightly I I Cheesy I Clean; 5 90 curdy 90 I oily 90 I 89% 89 I limy 91 I cooked I I I I 
I I Strong I I I I I 6 I 88 89 I Strong 89 I 89 88 I Strong 87 I Mottled I I I I I I 
I-' 
00 
H>-
I I Clean I I 7 92¥., 92¥., I Clean 92 I 
I I I I 
! 1 Clean I I 8 92¥., 92¥., I Clean 89 I I I 
I I 
I I 
I I 
9 88¥., 89~ I 90 I 
I I 
I I 
I I 
I I 
I I 
10 89 88% I I Moldy 
I 90 I unclean 
I I 
Average I 89. 725 1 I I 90.40 I 90.285 I I I I 
1 
I I 
Placed I I 
first 2 5 I 3 I 
I I 
I 
92 I 91 
I 
I 
90 I 90 
I 
I ! Sour crean. 
I unclean; 
88¥., I acidy 88 
I 
I 
I I Acidy; 
90 11.. I clean 89 
I 
I 
90.071 I 89.25 
I 
I 
I 
z I 2 
I \ 
I 
I 91 
I 
I 
I 91 
I 
I 
I 89 
l .old ; 
I unclean 
i 
I 
I I Acidy; 
I old 90 
I 
I 
I 89.50 
I 
I 
I 
I 5 
I 
I 
I 
I 
I 
I 
I 
I I Slightly 
old; 
I lacking 
I 
I I Acidy; 
I slightly 
I old 
I 
I 
I 
I 
I 
I 
I 
..... 
00 
01 
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percent. The cream was pasteurized at 140°-145°F. for 30 
minutes cooled to 70°F. and ripened to percent serum x 0.0063 
acidity, using from 5 percent to 15 percent starter depending 
upon the rate of ripening desired. When the desired acidity 
was reached the cream was cooled to 40°F. and held for two to 
three hours before churning. The methods used thenceforth 
were the same as those used in the first group of experiments, 
except that whey agar of the following composition was used 
for the plating: Agar 1.5 percent, peptone 0.3 percent, and 
whey 1 liter. The whey was secured from fresh skimmilk whi.ch 
had been curdled with rennet and heated. Following this treat-
ment the whey was drawn off. 'Whey agar was used instead of 
the standard agar because the starter organisms grow much 
better on it. 
GROUP III 
This set of ' experiments was undertaken to determi.ne the 
effect of carbonation upon the butter churned from sour cream. 
The acidity of the cream used in this group ranged from 0.4 
percent to 0.53 percent. The cream used in comparisons 1 and 
2 was paste~rized at 165°F. for 10 minutes, cooled to 40°F. and 
treated, otherwise, the same as the cream used in group 1. The 
cream of comparisons 3 and 4 were neutralized with lime to 0.3 
percent acidity,. The method of neutralization was as follows: 
An 18 gram sample of the cream was used for the acidity deter-
mination. The amount of quick lime necessary to reduce the 
acidity to 0.3 percent was calculated. The required amount of 
lime by weight was dissolved in hot water and slowly poured in-
to the vat when the cream had reached a temperature of gO °F. 
From this point the cream was treated in the same manner as 
that of comparisons 1 and 2 of this group. 
RESULTS OBTAINIDri 
THE EFFECT OF CARBON DIOXIDE UPON THE 
QUALITY O]}' BUTTER 
Very little of the butter in these experiments scored extras. 
'rhis was very likely due to the combined effect of the quality of 
cream used, the use of very little rinse water, and of holding 
some of the butter in the cooler at 40° to 50°F. for from two to 
three weeks before placing in cold storage. A comparison of the 
scores of fresh carbonated and uncarbonated sweet cream butter, 
as indicated in table I, shows the carbonated butter scoring high-
er in two instances against five for the uncarbonated butter; in 
three cases there was no difference. The average score for the 
uncarbonated fresh sweet cream butter was 0.675 of a point 
higher than that of the carbonated product. After the butter 
had been in storage for two months, a second scoring showed a 
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higher sCQre for the uncarbonated butter in two cases against 
three for the carbonated butter. '1'he carbonated product showed 
an average score 0.214 of a point higher than that of the un-
carbonated butter. When taken out of storage at the end of 
four months, the carbonated butter scored higher than the un-
carbonated in only two cases, while the uncarbonated butter re-
ceived the higher score in five cases. At this time the average 
score of the uncarbonated butter was 0.25 of a point higher than 
that of the carbonated product. 
In the case of ripened cream butter the results were similar. 
Table II shows that the fresh carbonated butter scored higher 
than the uncarbonated in three cases as compared to five higher 
scores for the uncarbonated product, the average initial score 
being the same. At the end of two months the carbonated and 
uncarbonated butter each received the higher score four times. 
The uncarbonated butter led in average score by 0.3 of a point. 
At the final scoring, after four months cold storage, the car-
bonated butter scored higher than the uncarbonated three times, 
while the uncarbonated butter scored higher in five instances 
and had an average score of 0.1 points higher than the carbonated 
product. 
Four comparisons were made of sour cream butter, the results 
of which are presented in table III. Two of these, as indicated in 
the table, were neutralized. At the initial scoring the uncar-
bonated blJtter scored higher in every case and led in averag'e 
I-'core by 0.75 of a point. At the second scoring, after two 111onths, 
the higher score was given to the uncarbonated butter in three 
out of four cases and its average score was 0.25 of a point higher 
than that of the carbonated butter; at the end of four months, 
when the butter was taken ont of storagc, the uncarbonated 
nroducts scored higher twice while the carbonated scored higher 
than the uncarbonated only once. The uncarbonated butter led 
in average score by 0.38 of a point. 
EFFECT OF CARBON DIOXIDE ON THE 
COMPOSITION OF BUTTER 
Altho one would not expect the addition of carbon dioxide to 
have any influence upon the chemical composition of the butter, 
it was thought advisable to make analyses for water, fat, salt, 
curd and ash. The butter composition varied somewhat because 
no attempt was made to regulate the moisture content, aside from 
following the same methods in all cases and always moistening 
the salt with one pound of water before adding it to the butter. 
The results of the above analysis are shown in'.tables IV to IX 
inclusive. ' 
'1'he results of the above analysis are shown in tables IV to IX, 
inclusive. . 
Com-I 
pari I 
son I 
No. 
11 I 
I 
I 
12 I 
I 
13 I 
I 
I 
14 I 
15 I 
TABLE II. COMPARISON OF SCORES ON CARBONATED AND UNCARBONATED RIPENED CREAM BUTTER 
Fresh Stored 2 months Stored 4 months 
Carbonated Unca,loonated Carbonated Uncarbonated Carbonated Un< arbonated 
Score I Remarks Score I Remarks Score I Remarks Score I Remarks Score I Remarks Score I Remarks 
I I I I I I 90 I Curdy; I Slightly I I Slightly I Slightly I Clean; I cooked; sour I Greasy; 
90* metallic 91 I unclean 92 I fresh I 90¥., I clean 91 I lacking 
I I I lacking I 
I I I I I 
Rich I I I I I starter I I I Rich I 
s lightly I Wintry I I starter; I 
over- I stale I ~ver. I I slightly I Stale 
91¥., ripe 91 I cream 90 rIpe 89¥., I 90 112 I stale 89'h I cream 
I I i I 
I Clean; I I I I I I I I I Clean I i fine I Cooked; 91 I Clean; I pasteur- I 92'h flavor 91 I curdy I rich 90 I I ized 90¥., I 
I I starter I 91 I starter I 
I Cheesy I I I I I I Acidy : I I Clean; I Clean; 88* 90¥., I lacking 89 I 91 90 I lacking 91 I cooked I I I I I 
-I I I I I I High I High I I I 92 acid 92 acid 90 I 92' I 91 I I I I 91 
I-" 
00 
00 
T I --- I I I 
Clean ; I I I I I I Fairly 
starter I I I I Slightly I clean; 
flavor; I Stale I I I old; I 90 I lacking; 
16 90 lacking 90l4, I cream 91 I 91 I 89'/:, I stale l over ripe 
I I I I -~----f----- , I - I I I 
17 90 
18 89 ';4 
19 89l4, 
20 
I 
\ 89 
I I I I Clean; 
sharp 
starter; 
lacking 
Clean; 
cooked; 
lacking 
I I I I I I I Acidy; I Stale; 
I 91 I 88';4 I old 89 I old 
I I I 
89% 91'/:, 
Sharp 
starter; 
acidy 
89% 
Triflle 
wintry; 
stale 
cream 
I I I I I I II I Bitter; I I I I I oily; I I 91 I 88 ';4 I old 89 I 90 
Slightly 
oily; 
stale 
II Sour; cheesy; acidy 89l4, Woody; cheesy; acidy 91 I I I ~~~r- 'I I I 92 I 89 I ripe 89 I Old 
I -- -- I I I I Sharp; -T High I I I s tarte r I Slightly 
past~ur- I Sharp I I flavor; I sour; 
s lightly 
old \ 
ization; starter; I fairly I 
cheesy 89% I cheesy 91112 \ 91';4 I 90 I clean 89';4 I 
~verage l 90.4251 . 90.425 ! . 90.60 I: 90.90 I 89.85 I II 89 .95 I 
I i I I I I --- 1---
Placed \ I I I I I 
first S 5 I 4 I 4 8 I 5 I 
I I • I' I 
------ - --
~ 
(Xl 
<.D 
TABLE III. COMPARISON ON CARBONATED AND UNCARBONATED PASTEURIZED SOUR" CREAM nUTTER 
Com- I ' Fresh Stored 2 months Stored 4 months 
Ps~~-I Carbonated Uncarbonated Carbonated Uncarbonated Carbonated Uncarbonated 
No. Score I Remarks Score I Remarks Score I Remarks Score I Remarks Score I Remarks Score I Remark. 
I I I I I I Curdy I Chemical I Badly I Burned I Curdy I Curdy 89 I acidy 
21 I 86'12 limy 88 I burned 89 I high 88 ! burned 89 I cooked I old 
I unclean unclean I worked I bitter I old I 
I I I I I I 
I I I I I I Acidy I I Limy I I I Curdy 22 I 88 112 fairl y 89 cheesy 89 I Acidy 90Y:, I Acidy 89'f:, Acidy 89 I acidy 
I clean I acid I old I rich curdy I cooked 
I I I I I I 
I I I I I I 
1 
I I I I 
23 89'4 I Acidy I Burnt I Cheesy I Clean Unclean I Acidy woody 89 % I acidy 89'/' I acidy 91 I aeidy 87'/:, old 80 I old 
I I I stale I f r esh I lacking 
I I I I 
I I Acidy I I I Fairly I I Acidy ; I Nutty acid I Clean 90 clean; I Fairly 
24 I 89% I fairly 90'4 I fairly 89 I old 90'/:, I fairly acidy 90 1/! I clean 
I clean I clean l over ripe I clean I I acidy I I I I I 
Average I 88. 437 1 89 .187 I I I I I 89.125 I 89.75 I 89.00 I 89 . 38 i I I I I I I 
I I I I I I I 
Placed I 
\ 
I I I I I 
first I 0 4 I 1 I 3 I 1 I 2 I 
I I I I I I 
.Cream that was sour when received. containing from 0.4% to 0.53% acid. 
f-"-
<0 
0, 
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TABLE IV. COMPARISON OF THE COMPOSITION OF CARBONATED AND 
UNCARBONATED PASTUERIZED SWEET CREAM BUT'l.'ER WHEN FRESH 
Moisture Fat I 'salt Curd 
I 
..ci 
I 
-" 
I I 
~ 
I 
..ci 
Como. :;; ~ ~ 
.e ..ci " ..ci " ..ci " .e No " ~ " ... " ... " 
" " " " " " " " " U P u P u P u P u 
I 
1 13. 99 14.14 83.03 82.99 1.96 1.94 0.83 0.74 0.18 
2 15.26 14.68 81. 57 81. 59 2.40 2.76 0.61 ().81 0.16 
3 15.19 15.08 81.60 81.58 2.40 2.51 0.66 0.77 0.19 
4 14.88 14 .95 82 .02 81. 97 2.01 2.08 0.84 0.78 0.24 
5 13.95 14.91 83.26 82.55 1.84 1. 52 0.82 0.89 0'. 09 
6 14.11 14.19 83.01 82.19 1.93 1. 61 0.87 0.92 0.10 
7 14.11 14.17 83.19 82.78 1. 60 2.04 0.90 0.86 0.17 
8 14.10 13.73 82.93 83. 18 2.12 \ 2.14 I 0.73 0.82 I 0.09 
9 15.01 14.30 82.12 ! 82.64 1.73 2.07 / 0.92 0.86 I 0.13 
10 14.30 13.63 82.15 82.86 2.48 2.50 0.87 0.92 0.11 
Ave. 14.49 14.38 82.49 82.43 2.04 2.11 01.80 0.84 I 0.15 
I I I I I 
EPPECT OP CARBON DIOXIDE UPON THE RATE OP 
OXIDATION OP BUTTER 
Ash 
I 
-" l-
" 
" 
" P 
I 0.16 
0.16 
0.15 
0.21 
0.10 
0.10 
0.14 
I 0.12 . 4 
0.10 
0.14 
Since one of the common changes that takes place in cold 
storage butter is oxidation, it seemed advisable to obtain some 
data that would indicate whether or not oxidation had taken 
place during storage. While," the undesirable flavors develop-
ing cold storage butter are not due to the oxidation of the fat 
in cold storage butter are not due to the oxidation of the fat 
itself" (Dyer), the rate of oxidation of the fat varies directly 
with the rate of the non-fat substances. 'rherefore, a method 
which measures the effect of carbon dioxide in carbonated butter 
on the oxidation of the fat is also valuable in judging the effect 
of carbonation on the rate of oxidation of the non-fat substances. 
In order to determine the amount of oxidation taking place in 
the butter, saponification numbers were determined for all the 
butter before and after storage. 
Generally speaking, when a substance contains the group 
-CH=CH-, this group, on oxidation, is in the first place con-
verted into -CHOH. CHOH-. Since butter contains an un-
saturated fat, olein, oxidation would bring about an increase in 
the molecular weight of the fat undergoing the change, and if 
the reaction continues until all the unsaturated carbon atoms in 
the fat were satisfied, the possible amount of change that would 
result in the saponification number is easily calculated. Using 
Hazuras'2 rule. " As many 0 H groups are assimilated as there 
are unsaturated carbon atoms in the molecule, " the change 
brought about in the saponification number by complete satura-
tion of the unsaturated fat can be estimated as follows 
2. Fryer and Weston. Oils, Fats and Waxes. 1 :54. 1918. 
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TABLE V. COMPARISON OF THE COMPOSITION OF CARBONATED AND 
UNCARBONATED RIPENED CREAM BUTTER WHEN FRESH. 
Moisture Fat Salt Curd Ash 
I 
.D 
I 
.D 
I 
~ 
I 
.D 
I 
~ Compo ~ ~ ~ 
.D os ~ os .D os .D os ~ os No. ~ 
" " 
~ 
" 
~ 
" " .. 
" 
.. 
" 
.. 
" 
.. 
" 
.. 
" U P u P u P u P u P 
11 14.16 15.61 83.41 I 81.21 1.63 2.25 I 0 . 66 0.87 0.13 0 . 12 
12 14.75 14.77 82 . 14 82.25 1.93 1.99 0.89 0.81 0.16 0.15 
13 14 . 32 13.98 82 . 90 83.12 1.73 1. 81 I 0.91 0.95 0.14 0.14 14 14.44 14 . 15 82 . 48 82.47 2 . 08 2.08 0.91 0 . 90 0.12 0.15 
15 14 . 37 14 . 94 82.48 81.99 1.60 1.89 1.00 0.98 0.20 0.18 
16 13.64 15.32 83 . 58 81. 76 1.96 1. 73 I 0.97 0.91 0.17 0.16 17 15.93 14 . 66 81.08 82.95 1. 95 1.49 0.93 0.91 0.12' 0.14 
18 14.22 14.13 82'.62 82,69 
I 
2 . 25 2 . 04 0 . 81 01.82 0.09 
I 
0 . 11 
19 14 . 58 14.70 82 . 22 81. 85 2.15 2.36 0 . 93 1 0 . 92 0 . 13 0,16 20 15.72 15.62 80 . 08 80 . 82 2 . 35 2.40 1 1.06 1. 01 0,15 0 . 13 
Ave. 14.62 I 14.77 82,30 82.11 1.96 2.0!} 0.91 0.92 0.14 0.14 
I 
TABLE VI. COMPARISON OF THE COMPOSITION OF CARBONATED AND 
UNCARBONATED PASTEURIZED SOUR" CREAM BUTTER WHEN FRESH 
Compo Moisture Fat Salt Curd 
No I Carb I Uncarb. I Carb I Uncarb I Carb I Uncarb I Carb I Uncarb 
I 
I 
1 I 21 14.25 I 
14.35 82.85 82.49 2.20 2 . 42 0.72 0,92 
22 14 . 04 14 . 21 82.90 82 . 24 1.90 1.95 1.37 0.87 
23 14 . 99 15.02 82.16 81.19 
I 
2.08 2.03 0.67 0.83 
24 14.43 15 . 02 82.85 82 . 46 2.18 
1 
1.86 0.65 0.77 
Ave. 14.43 I 14.64 82.69 82.09 2.09 2.06 0.85 0.84 I 
·Cream that was received sour, containIng 4% to 53% acId. 
TABLE VII. COMPARISON OF THE COMPOSITION OF CARBONATED AND 
UNCARBONATED PASTEURIZED SWEET CREAM BUTTER AFTER 
Compo 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Ave. 
Moisture 
11. 01 
11.93 
11 . 40 
12 . 06 
11 . 46 
11.51 
10 . 85 
10.50 
12.93 
11.18 
11 . 48 
12 . 37 
11. 42 
12 . 04 
11 . 54 
12. 77 
10.07 
11.43 
11.50 
10.90 
10.38 
11 . 37 
3 TO 5 MONTHS STORAGE 
Fat 
85.97 II 
85.09 
86 . 25 
85.65 
86 . 06 
86 . 01 
86 .94 
87 . 62 
84.51 
85.73 
85 . 98 
84 . 90 
85.26 
85 . 99 
8&.20 
86 . 02 
88.43 
85.73 
86.35 
86.55 
86.77 
86 . 22 
Salt 
~ I 
2.01 
2.70 
1.50 
1.35 
1. 65 
1. 51 
1.27 
1.00 
1.56 
2.05 
1.66 
1.87 
2 . 32 
1.08 
1.30 
1.33 
0.58 
1.82 
1.20 
1.56 
1.91 
1.49 
0.86 
0,65 
0.70 
0 . 78 
0.73 
0 . 87 
0 . 81 
0.81 
0 . 82 
0 . 91 
0.79 
0.75 
0.85 
0.76 
0.82 
0.81 
0 . 82 
0.92 
0 . 86 
0 . 88 
0.96 
0 . 84 
0.14 0.11 
0.13 0 .14 
0.15 0 . 12 
0 . 16 0 . 14 
0.10 0 . 09 
0.10 0 . 08 
0 . 13 0.10 
0 . 07 0.09 
0 . 09 0.11 
0 . 12 0.10 
0.12 01.l1 
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TABLE VIII. COMPARISON OF THE COMPOSITION OF CARBONATED AND 
UNCARBONATED RIPENED CREAM BUTTER AFTER 3 TO 5 
MONTHS IN STORAGE 
Moisture Fat Salt CU!'J Ash 
I 
..ci 
I 
..ci 
I 
..ci 
I 
..ci 
I 
..ci 
Compo 
..ci >- ..ci >- >- >-
>-
.. .. 
..ci .. ..ci .. ..ci .. No. >-
" 
>-
" 
>-
" 
>-
" 
>- " .. 
" 
oJ 
" 
.. 
" " " " " 0 p 0 p 0 p 0 p 0 P 
I I 
11 12.83 12 . 80 84.94 1 85.26 1.33 1.04 0.79 0.80 0.11 0.10 12 W.73 11.18 87.00 86.25 1.33 1.59 0.81 0 .85 0.13 0.13 
13 13 .50 13.00 83.69 84.64 1. 70 1.30 0.99 0 .93 0 .12 0.13 
14 12.26 11.60 84.69 85.41 1.95 1. 91 0 .98 0.94 0 . 12 0.14 
15 12.00 13.77 85.40 84.31 1. 44 0.82 1. 01 0 .96 0.15 0.14 
16 11.57 10 .87 85.91 86.6& 1.28 1.32 0.99 1. 01 0.14 0 . 14 
17 12.93 12.76 84.35 84.63 1.68 1.53 0 . 93 0.95 0.12 0.13 
18 11. 42 13.18 86.79 83.89 1.84 1.98 0.85 0.84 0 . 10 0.11 
19 13.23 11.74 83.67 85.27 2 . 0'6 1.90 0.93 0.96 0.12' 0.13 
20 11.98 12.96 85 . 00 83.92 1.90 1.99 0.99 1.02 0.13 0 . 11 
Ave. 12.24 12.38 85.04 85.02 1.65 1.54 0.93 0.93 0.124 0.126 
I I 
Two hydroxyls added to each oleic radical makes a total of 
six OR groups. This would increase the molecular weight of 
butterfat, using the average saponification number as the basis 
of calculation. 
1 : 0.227 : : x : (56x3) x = 740 = average mol. wt. of butter-
fat. 
Since butterfat is 35 percent olein, 102 x 0.35 = 35.7 increase 
in the molecular weight of the fat caused by an increase of 102 
in the molecular weight of olein. 
35.7 = 4.603 % reduction in the saponification 
740--35.,7 number. 
227 x 0.04603 = 10.448 points r eduction in the saponification 
number when the olein is completely saturated. 
Therefore, any marked oxidation of the fat in butter can be 
detected by determining the saponification number at the be-
ginning and end of storage. 
rl'he results of these experiments are given in tables X, XI and 
XII. They show that the oxidation in butter is very slight, even 
in the case of sour cream butter. In only two cases did the re-
sults show that the olein had approached saturation. 
The above findings agree very well with the conclusions 
reached by Dyer, namely, that "the possibility of olein under-
going an appreciable oxidation caused by the small quantity of 
atmospheric air inclosed in a package of butter is very remote, 
especially when it is remembered, that butter is stored in the 
dark at a temperature considerably lower than the freezing 
point of water." 
THE EFFECT OF CARBONATION ON BACTERIAL 
COUNTS IN BUTTER 
Since no work has been reported concerning the effect of car-
bon dioxide on the bacteria in butter, bacterial counts were made 
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TABLE IX. COMPARISON OF THE COMPOSITION OF CARBONATED AND 
UNCARBONATED PASTEURIZED SOUR CREAM BUTTER AFTER 
Compo 
No 
21 
22 
23 
24 
Ave. 
3 TO 4 MONTHS STORAGE 
Moisture Fat Salt I Curd 
Carb I Uncarb I Carb I Uncarb I Carb I Uncarb I Carb I Uncarb I 
I I I 
14.13 14.09 
I 
83.04 83.09 2.02 2.18 0.82 0 . 78 
12 .62 13.86 84.70 83.38 1.83 1.97 0 .83 01.90 
13.76 15.42 83 .48 81.47 2.10 2.13 0.70 0.98 
13.36 14.50 83.92 82.52 1.81 2 .40 0.94 0.69 
13.37 14.47 I 83.78 82.86 1.94 2.17 0.80 0.84 I 
on the butter when fresh and after a period of storage. Table 
XIII shows that with sweet cream butter in four instances the 
original counts were higher for the carbonated butter as com-
pared to three instances in which the count was higher in the 
uncarbonated butter. After a storage period of three to five 
months, the order was reversed and the count was higher in the 
uncarbonated butter four times against three for the carbonated 
product. 
'fable XIV compares carbonated and uncarbopated ripened 
cream butter. A study of this table shows that the COlmt on the 
fresh carbonated and uncarbonated butter was practically . the 
same, at least the differences were so s.nall that they might easily 
have been due to experimental error. In comparison 7 the 
count on the carbonated butter was almost twice as high as that 
on the un,carbonated product. l'he count was higher for the 
carbonated butter in six cases against four in the uncarbonated 
butter, the counts being the same in the third comparison. The 
percentage reduction as presented in the tables shows that more 
than 99 percent of the organisms in the ripened cream butter 
died in storage. 
In the case of pasteurized sour cream butter, as shown in 
table XV, the count was higher in the fresh carbonated butter 
in three instances out of four. After a storage period of three 
months, however, the carbonated butter showed a higher count 
in only one case against three for the uncarbonated butter. 
TABLE x. COMPARISON OF SAPONIFICATION NUMBERS OF CARBONATED 
AND UNCARBONATED PASTEURIZED SWEET CREAM BUTTER 
Compo 1 __ -r~F~r=~~hTb~u~tt~e~r~ __ +-~S~to~r~ed~3~-5~m~o~n~th~s~~ __ ~7D~ec~r=e~~e __ ~ __ 
No I Carb I Uncarb. Carb I Uncarb Carb I Uncarb 
5 229.47 \ 228.95 I 229.52 230.40 I --0.05" I --1.45 6 226.82 
I 
227.47 
I 
228.83 228.97 I --2. 01 --1. 50 7 234.06 231 . 71 231.46 228.97 3.00 2.74 
8 229.70 224.59 227.46 225.98 
I 
2.24 
I 
--0.99 
9 228.01 227.31 226.04 226.24 1.97 1.07 
10 229.57 234.42 228.02 227.76 1.55 6.66 
Ave. 229.60 229.07 228.55 228.05 1.05 1. 02 
·The minus sign indicates an increase in saponification value. 
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TABLE XI. COMPARISON OF THE SAPONIFICATIiON NUMBERS OF CAR-
BONATED AND UNCARBONATED RIPENED CREAM BUTTER 
Compo I Fre3h butter Stored 3-5 months Decrease 
No. I Carbo Uncarb. Carbo I Uncarb. Carbo Uncarh. 
11 230.28 228.76 219.72 219 . 21 10 . 56 9.55 
12 227.32 226.02 232.38 230.23 *- 5.04 - 4.51 
13 228.67 230.81 228 . 05 227.26 0.62 3 . 55 
14 229.0'01 229.66 228.49 228.90 0.54 0.76 
15 228.51 228.35 226.30 229.12 2'.21 - 0.77 
16 221 . 92 228.80 230.76 229.34 - 8 . 84 - 0.54 
17 225.97 227.33 224.67 227.82 1.30 - 0.39 
18 225.86 227.36 225.61 228.06 0.25 -0.70 
19 226.81 228.58 226.34 226 . 90 0.57 1.68 
20 229.20 228.71 225.88 2'25.29 3.32 3.42 
Ave. 227.35 228.45 226.82 22'7.24 **0.53 **1.21 
*The minus sign indicates an increase in saponification number. 
**The average reduction in saponification number excluding comparisons 2 and 6 
is: carbonated 2.42. uncarbonated 2.07. 
DISCUSSION OF RESULTS 
A consideration of the scores given to carbonated and uncar-
bonated butter together with the remarks of the judges would 
clearly indicate that there is no co-relation between the use of 
c"arbon dioxide and the quality and keeping properties of butter. 
Tf anything carbon dioxide seems to lower the quality of the 
butter, especially that churned from cream of poor quality. The 
average score of the carbonated butter was greater than that 
of the uncarbonated product in only one case out of nine. The 
carbonated butter rated ahead only once in the number of first 
places, and in this instance by a margin of one placing. Carbon 
dioxide seems to have no effect on the kind of flavors that de-
velop in the butter as determined from the criticisms made by 
th'e judges. 
No difference was detected in the composition of the butter 
when fresh. Out of 24 comparisons when the butter was fresh 
the moisture content was higher in the uncarbonated butter in 
14 cases; the fat, in 9 cases; the salt, in 15 cases; the curd in 10 
cases; and the ash in 12 cases. When the butter came out of 
storage the results were as follows: Moisture higher in the un-
TABLE XII. COMPARISON OF SAPONIFICATIO"I NUMBERS OF CARBONATED 
AND UNCARBONATED PASTEURIZED SOUR CREAM BUTTER 
Compo I Fresh butter Stored 3 months I Decrease 
No. I Carbo I Uncarb. Carbo I Uncarb. I Carbo Uncarb. 
I I I I 21 I 230.(17 I 229.49 225.24 222.88 I 4.83 6.61 
22 I 229.59 I 228.14 227.41 i 223.33 I 2.18 4.81 *23 I 227.53 I 226.42 2~3. 60 223.67 I 3.93 2.75 *24 I 228.78 I 228'.15 226.67 227 . 17 I 2.11 0.98 
Ave. I 228.99 I 228.05 2'25.73 224.26 I 3.26 3.69 I 
,.*3 and 4 are neutralized cream. 
No. 3 neutralized from 0.41 % to 0.3% acid. 
No.4 neutralized from 0.53 % to 0.3% acid. 
*Revised March 1926. 
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TABLE XIII. COMPARISON OF BACTERIAL COUNTS ON CARBONATED AND 
UNCARBONATED PASTEURIZED SWEET CREAM BUTTER 
Como. I Percent decrease Fresh butter Stored 3· 5 months during storage 
No. , Carbo , Uncarb . Carbo I Uncarb. Carbo , Uncarb. 
'I 
, 
I 4 19,500 I 26,850 12,800 8,950 34.36 66 . 6~ 5 225000 , 358,000 30,000 42,500 86 . 66 60.19 6 65,50() ! 59,500 10,450 29,500 84.04 50.42 7 ( 36,500 I 35,000 26,500 83500 27.39 I 141.45" 8 190,000 181,500 54,500 42,000 71.31 I 76.86 9 222,500 130.000 19,500 26,000 91.23 , 80.00 
10 , 90,500 , 120,500 40.500 37,000 55.25 , 69.29 
Ave. I 121,210 I 130,190 27,750 38,490 77.11 , 70.03 I 
*Increase. 
carbonated butter in 12 cases out of 24, the fat higher in 12, salt 
higher in 6, curd higher in 18, and ash higher in 12. 
The data indicate that carbon dioxide has no effect in pre-
venting or reducing the oxidation in carbonated butter. Out of 
20 comparisons there was more oxidation in the carbonated 
butter in 9 instances against 7 for the uncarbonated butter; 
negative results were obtained in the comparisons 5, 6, 12 and 16. 
A study of the saponification numbers of sweet, sour and 
ripened cream butter shows that oxidation increases with 
an increase in the acidity of the cream from which 
the butter was churned, which is in agreement with results 
obtained by Dyer, who found a direct relation between 
the acidity of the crea.m and the rate of oxidation in the result-
ing butter. However, the rate of oxidation in the butter made 
from the neutralized cream was just as great as that in the un-
neutralized SOUl' cream butter, suggesting that the rate of oxi-
dation in sour cream butter is not due to the presence of the acid 
itself, but to changes that take place during the formation of 
the acid. This is touched upon by Hunziker,s who says, "High 
flavor, which is produced by cream ripening, is the result of a 
partial decomposition of one or more of the constituents of the 
cream and which subsequently become constituents of the 
butter. " 
No results were obtained to show that carbon dioxide reduces 
the bacterial count of butter. In no case was there any great 
nifferenc~ in the counts on the carbonated and uncarbonated 
butter. 
STUDY OF CARBONATED ICE CREAM 
The results reported in the literature 4, 5, 6, 7, on the in-
fluence of carbon dioxide upon the quality and keeping proper-
ties of ice cream show that carbon dioxide does not improve 
either the quality or keeping properties of the product to the 
SHunziker. The Butter Industry. 232. 1920. 
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TABLE XIV. COMPARISON OF BACTERIAL COUNTS ON CARBONATED AND 
UNCARBONATED RIPENED CREAM BUTTER 
-Comp.No. Stored 3 to 5 Percen t reduction 
Fresh butter months in storage 
Carbo I Uncarb. Carbo I Uncarb. Carbo I Uncarb. 
11 4,980,000 
I 
5,175,000 4,650 I 2,050 99.90 I 
99.96 
12 3,705,000 3,585,000 1,350 4,850 99.96 99.85 
13 2,715,000 2,580,000 2,200 I 2,200 99.92 99.91 
14 8,685,000 7,050 ,000 1,550 
I 
900 99.98 I 99.98 15 10,611,000 12,170,000 2,950 4,600 99.97 99.97 
16 3,515,000 3,520,000 10,500 4,850 99.73 I 99.86 
17 11,250,000 
I 
6,000,000 1,750 I 1,950 99.98 
I 
99.97 
18 1,950,000 1,410,000 3,850 I 4,200 99.82 99.70 19 1,260,000 1,845,000 9,550 6,250 99.24 99.65 
20 1,183,000 I 1.140,000 10,700 I 9,750 99.09 99.14 
Ave. 4,985,400 I 4,447,550 4,900 I 4,160 99.729 I 99.699 
extent that its use is justified. However, it was thot advisable 
to conduct a few experiments on the use of carbon dioxide in 
lCe cream. 
METHODS 
'l'he cream used for these experiments consisted mainly of that 
taken from the sweet grade of cream received at the college 
creamery. 'fhe r~mainder was taken from cream separated by 
the college market milk department. The acidity of the cream 
was less than 0.2 percent. 
All utensils that came in contact with the cream or mix were 
kept clean and always steamed before being used. The homo-
genizer used was a Manton-Gaulin machine of 60 gallons per 
hour capacity. The cream was frozen in a 40 quart horizontal 
freezer. The brine was made with salt and ice. 
'fhe mix used in all the experiments conformed to the fol-
lowing formula: 
4Retger. L. F. The Influence of Carbon Dioxide on Ba~teria. Report (Fre~zing Ice 
Cream in an Atmosphere of Carbon Dioxide) by The National Assoc. of Ice Cream 
Manufacturers. 9·21. 1922. 
' Winslow. C. E. A.; Hiscock. I. V . ; Ha",,,,ard, H. W.; and Greensburg, L . Report 
of The National Assoc. of Ice Cream Manufacturers. 27·37. 1922. 
·Smith. A. H. The Effect of the Heat Process on the Vitamines of Ice Cream. 
Report of the National Assoc. of Ice Cream Manufacturers. 39·49. 1922. 
7Prucha, M. J.; Brannon, J. M. : and Ambrose, A . S. Does Carbon Dioxide in Car-
bonated Milk and Milk Products Destroy Bacteria? Circ. III. Agr. Exp. Sta. 256. 1922. 
TABLE XV. COMPARISON OF BACTERIAL COllNTS ON CARBONATED AND 
UNCARBONATED PASTEURIZED SOUR' CREAM BUTTER 
Compo Percen t decrease 
No. Fresh butter Stored 3 months in storage 
Carbo IUncarb. Carbo IUncarb. I Carbo Uncarb. 
I I I 
21 167 500 I 102,500 28,000 I 83 ,000 I 83 . 28 19.02 
Z2 69,500 I 16,150 5,500 7,950 I 92 . 09 50 .83 
23' 130,500 I 58.000 22,500 50,000 I 82.75 13.79 2,4·· 43,000 56,000 32,500 30,400 I 24.42 26.79 
I I 
Ave. 102.625 I 58.165 22,125 42,837 I 78.44 26.35 
'Neutralized from 0.41 % to 0.3% acid with lime. 
--Neutralized from 0.52% to 0.3% acid with lime. 
formula: 
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42 pounds of 18 percent cream 
8 pounds of sugar 
3 ounces of gelatin (Swifts -AAAAA grade) 
4 ounces of vanilla 
Enough of this mix was made up to give ,three batches. rrhe 
cream was standardized to 18 percent with whole milk. '1'he 
mix was pasteurized immediately after the machinery had been 
used for preparing mixes of somewhat different composition 
from that used in these experiments. Therefore, the pasteurizer 
and cooler were rinsed and the pipes well drained before running 
the mix thru. The cream was heated to 110°F. before the 
sugar and gelatin were added. The mix was pasteurized at 
160°F. for 10 minutes, cooled to 140°F., and homogenized at a 
pressure of 2,500 or 3,000 pounds. Six runs were made at 2,500 
and four at 3,000 pounns. As the mix began to come over the 
cooler, the first 30 pounds were received in a can and set aside 
until later when the last 20 pounds were received in it. This 
batch was used as a blank. The above practice was followed in 
order to minimize contamination in the experimental batches 
and to insure uniform homogenizing pressure in them. For the 
first four runs only the blank batch was marked, but realir,ing 
later that a difference in bacterial count might result from the 
first part of the mix that came over being- more highly contamina-
ted than the last, the cans were thenceforth numbered and num-
ber one and two carbonated alternately. As soon as the homo~eni­
r,ing was conmleted, the cans of mix 'were placed in prine at 32°F: 
and held for 24 hours before freezing. 
The vanilla was verv carefully measured and added to the 
mix just previous to freezing. 'The freezer was well steamed 
before using. In the freezing the carbonated and uncarbonated 
cream ,vas alternated so as not to give either a possi.ble adv~m­
tage. The freezer was allowed to clean itself as much as possible 
between each freezing, by allowing the dasher to run, with the 
door open. In this way very little of the cream from one batch 
was carried over to the next. . 
The freezing was carried Ollt lJnder conditions as nearly the 
same as possible. The brine was kent at 11 OF. at all times. The 
average time for freezing was 13 to 15 minutes. The cream was 
drawn when the overrun was as near 100 Dercent as possible. 
The mix was carbonated as follows: The freezer was filled 
with carbon dioxide gas by allowing' it to eSCUDe slowly into the 
fruit hopper thru a rubber tube. When the free7er was full of 
gas the mix was poured in ann th e freezinl! started. Tn order 
to insure a good supply of g'as in the freezer during the freezing. 
the valve on the carbon dioxi.de tank was opened at intervals of 
about two minutes for . short periods. During the whipping 
process carbon dioxide was let into the freezer for 1112 minutes. 
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When the desired overrun was obtained about two gallons 
were drawn into a pail and immediately transferred to the ice 
cream cans which had been previously packed in the ice box. 
After drawing off sevejll or eight gallons of the ice cream, 
samples for bacterial analysis were taken in sterile cream bottles. 
This was done by opening the fre.ezer door and letting the cream 
ooze slowly into the bottle. The samples were packed in cracked 
ice until plated about 30 minutes later. 'l'he plating was done 
in duplicate on standard agar, using dilutions of 1 to 1,000 and 
1 to 10,000. The plates were incubated at room temperature for 
four days before making the counts. Other samples from each 
batch were taken after a !period of two weeks. These samples 
were taken with sterile butter triers. A plug about three-fourths 
the length of the can was taken and the top inch or two rejected. 
A sterile spoon was used for removing this and in transferring 
the' remainder of the sample to the sample bottle. These samples 
were plated in the same way as the fresh samples. 
After the cream had been hardened for 48 to 72 hours, one 
gallon from each batch was taken out and tested ' for texture, 
judged for flavor and tested for rate of melting. 
The apparatus used for testing the texture of the ice cream 
consisted of a tall ring stand, a piece of glass tubing held in a 
vertical position by clamps, and brass rod about 30 inches 
long and five-eights of an inch in diameter. This rod was 
dropped on the ice cream from a height of 10 centimeters by re-
leasing it with a trigger which fitted into a notch in the rod. 
'rhe depth of penetration was measured in centimeters by a scale 
attached along the side of the glass tubing. The temperature 
.of the ice cream was taken immediately after this, so that a 
correction for difference in temperature could be made. . 
. The melting test was made as follows: a section of the hardened 
ice cream was taken from the gallon container, placed on the 
bottom side of a large petri dish (5Vz inches in diameter ), and 
trimmed off until it was about 2% inches in diameter and 3 to 
3% inches in height. After the original weight had been re-
corded the samples were placed in an incubator at a tempera-
ture of 60°F. and reweighed at intervals of two hours. The 
temperature at the time of placing the cream in the incubator 
was also recorded. 
Analyses for fat and total solids were also made on the ice 
cream after 48 to 72 hours of hardening. rrhese analyses were 
made according to the official methods. 
A comparison of the flavor of the carbonated and uncarbona-
ted ice cream was made again after a period of two weeks. 
RESULTS OBTAINED 
The results obtained in this work are discussd in the following 
order: 
Compo 
No. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total 
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TABLE XVI. COMPARATIVE PLACING ON CARBONATED AND 
UNCARBONATED ICE CREAM 
l?resh I Held 2 weeks 
Carbo Uncarb. I Carbo I Uncarb. 
2nd 1st I 1st I 2nd 
No difference 
I 
No difference 
1s t 
I 
2nd 1st I 2nd 
1st 2nd 2nd I 1st 
1st 2nd 1st I 2nd 
No difference 2nd I 1st 
No difference 
I 
1st I 2nd 
No difference ·2nd I 1st 
2nd I 1st ··2nd I ·lst 2nd 1st 2nd I 1st 
3 1sts 3 1sts 4 1s ts I 5 1sts 
I 
.Metallic- very pronounced in carbonated ice cream . 
•• Stale-More pronounced in carbonated ice cream. 
1. Effect of carbon dioxide on the quality of ice cream. 
2. Effect of carbon dioxide on the texture of ice cream. 
3. Effect of carbon dioxide on the standing up qualities of 
ice cream. 
4. Effect of carbon dioxide on the bacteria in ice cream. 
5. Effect of carbon dioxide on the composition of the ice 
cream. 
EFFECT OF CARBONATION ON THE 
QUALITY OF ICE CREAM 
To determine the effect of carbon dioxide on the quality ot 
ice cream the cream was judged as soon as hardened and after 
a period of two weeks. The results obtained are presented in 
table XVI. The placings are identified by 1st and 2nd. The 
total of first places in this table shows three against three for 
carbonated and uncarbonated ice cream at the first comparison. 
'l'here was no difference in the other four comparisons. After 
TABLE XVII. COMPARISON OF THE TEXTURE OF CARBONATED AND 
UNCABONATED ICE CREAM 
Comp. 1 
No I 
1 I 
2 
3 
4 
5· 
6 
7 
8 
9 
10 
' Ave. I 
I 
Temp. Deg. F. 
Carb I Uncarb 
11 .5 7.3 
9 . 6 2.4 
- 0.2 - 0.2 
9 . 0 9.6 
. .. . .... 
3.9 3 . 4 
7 . 1 8.4 
5.0 6 . 0 
8.5 I 8.0 11.2 11.5 
7.4 6.3 
·Too soft to test. 
Depth of penetration 
in centimeters 
Carb I Uncarb 
13.33 9 . 70 
10.30 8.74 
8.27 8.23 
9.80 10 . 17 
. .... ... . 
8 .83 8.63 
10.07 9.70 
9 . 00 9.47 
9.63 10.07 
14.20 13.10 
10 . 38 9.75 
Percent overrun 
Carb I Uncarb 
105 110 
104 104 
104 104 
103 103 
.. . . .. 
95 100 
102 107 
102 102 
102 102 
101 101 
102 102 . 5 
j 
00 
'The average difference in penetration for each degree change in temperature .48 
cm. by calculation. 
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TABLE XVIII. PERCENT OF MELTAGE IN CARBONATED AND UNCARBON-
ATED ICE CREAM WHEN HELD AT 21° CENTIGRADE 
I Temp. 
Compo 1 Deg. F. 
Percent loss 
second hour 
Percent loss 
fourth hour 
Percen t loss 
sixth hour 
No -I Carb I Uncarb I Carb I Uncarb 1 Carb 1 Uncarb 1 Carb 1 Uncarb 
1 
I \ I \ I 1 I 9.0- 7.7 6.51 4.72 25.00 30.62 50.29 57.20 2 9.5 8.8 
I 
17.80 17.81 41.55 
I 
45.37 47.26 51.72 
3 12 . 4 12.0 12.23 14.34 36.27 42.~5 1 47.96 53.21 
4 
\ 
11.6 I 11.6 17.20 14.10 I 45 . 78 31.14 I 56.60 50.00 5 10.0 10.2 15.00 10.00 36.54 30.51 1 44.77 35.12 
Ave. 10.5 I W.l I 13.75 I 12.19 I 37.03 I 35.98 I 49.38 I 49.45 
a period of two weeks the uncarbonated cream scored first in 
five instances against four for the carbonated. There were two 
outstanding effects of carbon dioxide on ice cream. As the 
cream was drawn from the freezer it possesed a strong flavor of 
carbon dioxide which disappeared entirely after a hardening 
period of 48 hours. The carbon dioxide intensified the flavor 
of the cream, this being especially noticeable with undesirable 
flavors when they were present in the cream. 
EFFEOT OF OARBONATION ON THE 
TEXTURE OF ICE OREAM 
The apparatus previously mentioned was used to test the hard-
ness of carbonated and uncarbonated ice cream by measuring 
the depth of penetration of the brass rod. The results given in 
table XVII show one outstanding thing-the hardness varied in-
yersely with the temperature. By taking the difference in tem-
perature of the cream of. the different runs and the differ.ence in 
penetration between these same runs the average difference in 
depth of penetration for each degree difference in temperature 
was estimated. When this correction had been made no difference 
was found in the texture of carbonated and uncarbonated ice 
cream. After the temperature rose above 11 OF., the degree of 
change in hardness was very noticeable. The difference in 
~~'" 
TABLE XIX. COMPARISON OF BACTERIAL COUNTS ON CARBONATED 
AND UNCARBONATED ICE CREAM 
Compo No. Fresh frozen Held 2 weeks Percent decrease 
Carbo Uncarb. Carbo 1 Uncarb. 1 Carbo Uncarb. 
1 119.000 192.000 \ .......... \ 
2 153 .500 91,500 125,500 I 129,500 1 18.56 - 29.73 
3 199,500 193,500 150.000 
\ 
194,000 1 24.81 - 00.25 
4 210.00j) 156.500 85,500 101,500 I 59.28 35.14 5 21,000 43000 14,000 I 23.000 33.33 56.51 
6 153,500 162,500- 101,000 I 91,uOO 
\ 
34.20 44.00 
7 18,000 14.500- 13000 I 16.000 27.77 -13.79 
8 50,000- 38,000 26.500 1 22.500 1 47.00 40 . 79 
9 65.000 45000 30.400 1 28.800 1 53 . 23 36 . 00 
10 45,000 54.500 40000 I 42.000 1 11 .11 22.93 
Ave. 103,350 99,100 65,100 I 73,030 \ 34.36 31.015 
'Sample lost. 
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TABLE XX. COMPARISON OF THE COMPOSITION OF CARBONATED AND 
UN CARBONATED ICE CREAM 
Compo No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Ave. 
Fat Total sol ids 1 Solids not fat 1 Water 
Carbo 1 Uncarb. 1 Carbo IUncarb.1 Carbo IUncarb. 1 Carbo 1 Uncarb. 
\ 15.26 \ 15.32 \ 37.50 \ 37 . 71 \ 22.24 \ 22.39 / 62.50 1 62.29 14.95 1 15.02 37.15 1 37.52 1 22.20 1 22.50 / 62.85 1 6248 
1 15.11 / 15 . 08 1 36.93 / 36 . 97 1 21.82 1 21.89 63 . 07 1 63'03 
1 15.13 15.03 1 37.72 37.31 22.59 22.28 1 62.68 62:69 
/ 15.22 1 15.10 / 37.25 1 37.00 1 22.03 / 21.80 1 62.75 63.00 15.34 I 15.28 37.43 1 37.35 1 22.09 22.07 62.57 62 . 65 
1 14.97 1 14.91 1 36.82 1 36.54 21.85 1 21.63 63.18 63.46 
1 15 . 07 1 14.92 1 37.45 1 37.06 22.38 1 22.14 62.55 1 62.94 
/ 14.98 15.06 I 37.12 1 37.11 1 22.14 / 22.05 1 62.88 62.89 15.09 1 15.13 37.21 1 37.75 1 22.12 22.62 162.79 62.25 
/ 15.112 1 15.105 I 37.258 I 37.232/22.146 I 22.137 1 62.782 1 62.778 1 1 1 1 1 1 
temperature of the different samples makes it unfair to compare 
any two samples individually. Therefore only the averages w.ere 
considered. 
EFFEOT OF CARBON DIOXIDE ON THE 
STANDING QUALITY OF ICE CREAM 
Carbon dioxide is a heavy gas and requires about 35 percent 
more heat to raise a given volumn one degree in temperature 
than is reauired by the same volume of air. Therefore, it seems 
logical carbonation might cause ice cream to stand up slightly 
longer than ordinary ice cream when subiected to melting tem-
peratures. The results obtained in a melting test at 60°F. are 
presented in table XVIII. A study of the table shows that the 
initial temnerature of the ice cream when put into the incuba-
tor noticeably influenced the time reauired for melting. Since 
the temperature of the samples in the individual comparisons 
was not the same, it is impossible to make a fair comparison of 
the individcual samples. ~ Therefore only the averages were 
ronsidered in drawing conclusions. At the end of the sixth hour 
the amount of ice cream melted in the carbonated and uncarbona-
tpd product was thp same, allowing for exnprimental error, 
about 50 percent of the cream being melted ilt this time. How-
ever, after the first two hours of exnosurp the nercentage of' 
melted cream was slightly higher in the carbonated ice cream. 
FJFFECT OF CARRONATInN ON 
BACTERIA IN ICE CREAM 
The results relative to the pffed of carbonation on the bacteria 
in ' ic"e cream are found in table XIX. A very slight difference 
was fonnd in the ' individllal C01111ts of carbonated and uncar-
honated cream in thp, same comnarisons. The c01mts on the 
fl'esh r,ream show a higher bllcteri~ 1 ('ontent in carbon~.ted ice 
"rP,llm in 'six instances against fonr fOl' the l111carhonatpn crpam. 
A iter the cream w'as held for two weeks the uncarbonated cream 
showed higher counts in six instances as compared to three for 
the carbonated cream. In no case was the difference in count on 
carbonated and uncarbonated cream great enough to be signifi-
cant. A noticeable decrease in bacteria occurred in both the 
carbonated and uncarbonated cream during storage. 
EFFECT OF CARBONATION ON THE 
COMPOSITION OF ICE CREAM 
The results given in table XX, show no difference in the com-
position of carbonated and uncarbonated ice cream. Even the 
difference obtained in individual comparisons was within ex-
perimental error. The percent of fat, total solids, and solids 
not fat was higher in the carbonated cream in six instances 
against four for the uncarbonated cream. Consequently the 
moisture content was higher in the uncarbonated cream in six 
instances. The composition of the ice cream was fairly con-
stant because the cream used in the mix was carefully standard-
ized. 
DISCUSSION OF RESULTS 
A consideration of the placings given to the carbonated and 
uncarbonated ice cream together with the remarks ·of the judges 
would indicate that carbon dioxide does not improve the quality 
of ice cream. 
No relationship was found between the use of carbon dioxide 
and the 'texture and standing up qualities of ice cream by the 
methods used. 
The carbonating process appeared to increase the bacterial 
count in the fresh ice cream. Drawing conclusions from the 
average reduction in bacterial counts during storage, carbon 
dioxide seems to have a slightly destructive action in ice cream. 
However, this reduction was very slight. No effect ,vas observed 
by comparison of individual counts. 
No difference in composition between carbonated and un-
carbonated ice cream was detected by the methods used. 
DO CARBONATED BUTTER AND ICE CREAM RETAIN 
THE CARBON DIOXIDE INCORPORATED IN THEM? 
In connction with the foregoing work it was thought advis-
able to determine whether or not the carbon dioxide was retained 
by the butter and ice cream. 
Dyer found that butter as normally made contains approxi-
mately 10 percent of air by volume. He also found upon anal-
ysis that the air pl:esent in sweet cream butter contained 2.8 
percent carbon dioxide by volume. This would mean that 
normal sweet cream butter contains approximately 0.289 per-
cent of carbon dioxide by volume, or approximately 0.014 per-
cent by weight. This was found in butter churned under normal 
conditions and not treated with carbon dioxide. 
TABLE XXI. PERCENT" OF CARBON DIOXIDE FOUND IN CARBONATED BUTTER 
Percent C02 Percent CO2 Percent CO2 
Churn Date A I B Date A I B Date A l B 
1 I 
Victor ................... 1 10-25-24 1 0 . 0638 1 0.0609 1 10-29-24 1 0.0365 0.0359 11- 1-24 0.0047 0 .0041 
Perfection ........... . ..... 1 11- 1- 24 1 0.0380 1 0.0381 1 11-5-2'4/ 0 . 0150 0.0148 11- 19-24 0.0120 0.0119 
PerfectlOn ... .. ........... 1 11- 15-24 1 0.0216 1 0.0219 1 11- 19- 24 0.0080 0.0079 12- 8-24 0.0039 0.0040 
V!ctor . ................. ' 1 11- 19-24 1 0.03148 1 0.03129 1 11-28-24 0.0076 0.0078 12- 6-24 0.0036 0.0037 
Vlctor ................... 11- 29- 24 1 0.0073 0.0074 12- 3-24 0.0031 0.0029 12- 19-24 0.0032 0.0031 P~rfection ....... .. ....... 1 11-29-24 1 0.0071 1 0.0064 12- 3-24 I 0.0033 0.0030 12'-19- 24 0.0034 0.0031 
Vlctor ................... 1 12- 6-24 1 0.0084 1 0.0086 1 12- 13-24 0.0081 0.0083 12- 22- 24 0.0079 0.0081 
Perfection ................ 1 12- 13-24 1 0.0150 1 0 . 0149 1 12- 18- 24 1 0 . 0076 0 .0078 1- 3-25 0.0036 0.0037 
Perfection .......•........ / 12- 19- 24 1 0.0190 1 0.0189 / 12-2'4-24 1 0.0037 0.0035 12-30-24 0.0034 0.0032 
I I 1 
"By weight. 
Date 
11-25-24 
12- 1-24 
12- 16-24 
12-18-24 
12-30-24 
12-30-24 
1- 6-25 
1-14-25 
1- 19-25 
TABLE XXII. PERCENT" OF CARBON DIOXIDE FOUND IN UNCARBONATED BUTTER 
Churn 
Victor .. .. . .. .... ...... . . 
Perfection ............... . 
Perfection ......•......... 
Victor .... . ............. . 
Perfection ............... . 
Victor ............ . ..... . 
Percent CO2 Percent CO2 Percent C02 
Date A B Date A B Date A B 
I Iii I 
11-2 1-24 I 0 . 0550 0.0549 11- 24-24 0.0035 0.0033 12- 6-24 0.0031 0 . 0030 1 
12-18-24 0.0120 0.0121 12- 23-24 0.0081 0.0080 12-30-24 0.0074 0.0071 
11- 1-24 1 0.0435 1 0.0431 11- 10-24 0.0076 1 0.0075 1 11-2 1-24/ 0.00676/ 0.00670 1 
1- 6-25 0 .0170 0.0172 1-15-25 0.0081 1 0.0082 1 1-24- 25 0.0041 0.0039 
Date 
12- 2-24 
12-20-24 
1- 18-25 
2- 2-25 
2- 5-25 
2- 5-25 
1 
I 
Percent CO, 
AlB 
0.0033 0.0030 
0.0031 0.0033 
0.0029 0.0031 
o .{J034 0.0032 
0 . 0028 0.0027 
0.0030 0.0032 
0.0067 0.0068 
0.0032 0.0029 
0.0018 0.0019 
Percent CO2 
A B 
0'.0053 
0.0029 
0.0027 
{J'.0025 
0.0036 
0.0036 
0.0051 
0.0026 
0.0026 
0.0026 
0.0032 
0.0037 
1- 3-25 1 0.0144 1 0.0141 1- 10-25 0.0069 0.0068 1- 19-25 0.0030 0.0031 1 
1- 5-25 0.0149 I 0.0147 1- 12-25 0.0060 0.0061 1- 21-25 I {J.0050 I 0.0052 
1 I I I I __ -,-I __ -'1 ____ -'-__ -'--__ 
"By weight. 
I\:) 
o 
H'" 
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The work presented here is an attempt to determine whether 
or not butter and ice cream retain appreciable amounts of added 
carbon dioxide. 
METHOD 
rrhe amount of carbon dioxide in butter was determined by 
passing the air liberated from the butter thru a measured 
amount of a standard solution of n/ 10 Ba(OH)2 and the excess 
Ba(OH)2 titrated with n j 10 oxalic acid solution. 
The apparatus used consisted of a series of five wash bottles 
attached to a vacuum in a manner such that the flow of air 
thru the apparatus could be accurately regulated. The first 
two wash bottles were filled with soda lime to take the CO2 out 
of the air as it passed thru them. The sample to be analyzed 
was placed in a third bottle, which was equipped with a tight 
fitting three hole rubber stopper. A tight fitting solid glass rod 
was passed thru one of these holes and was used to break the 
tube containing the sample after the apparatus had been freed 
of CO2 by slowly drawing air thru it. 
The fourth wash bottle contained the standard Ba( OH) 2 
solution for the absorption of the liberated carbon dioxide, while 
the fifth bottle also contained standard Ba(OH)2 for the pur-
pose of catching any carbon dioxide that failed to be absorbed 
in the first bottle. 
The analysis was carried out as follows: A 10 to 15 gram 
sample was weighed into a short test tube, the tube being filled 
so that there was no air space between the stopper and the 
butter. This stoppered tube was placed in wash bottle No. 3 
mentioned above, and about 50 C.c. of 20 percent lactic acid 
solution was also placed in this bottle. This lactic acid solu-
tion was made up with carbon dioxide-free water and was added 
to liberate the carbon dioxide from the sample. After drawing 
carbon dioxide-free air thru the apparatus for 5 to 10 minutes, 
the connection between bottles Nos. 3 and 4 were closed, bottles 
Nos. 4 and 5 were thoroly cleaned and rinsed with carbon dioxide-
free water, 50 C.c. of carbon dioxide-free water and 10 c.c. 
n/ 10 Ba(OH)2 added to each and connected up as quickly as 
possible. The bottle containing the sample was then immersed 
in hot water while carbon dioxide-free air was drawn thru it. 
When the sample started to melt the tube containing it was 
broken by means of the glass plunger in bottle No.3 mentioned 
above. This allowed the sample to melt completely and also 
permitted the lactic acid to act upon it. Carbon dioxide free 
air was slowly drawn thru the sample for one hour after which 
the content of bottles Nos. 4 and 5 were titrated. (However no 
CO2 was found in bottle No.5. ) From the titration of No.4 
and the weight of the sample the percent by weight of CO2 in 
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TABLE XXIII. PERCENT' OF CARBON DIOXIDE FOUND IN CARBONATED 
ICE CREAM 
I Percent CO2 I I Percent C02 I Percent C02 
Sample I Date I A B I Date I A I B I Dat~ A I B 
I I I I 
1 / 2- 5- 25 1 0.0310 0.0306 2- 6- 25 0.0175 0.0170 2- 7- 25 0.00831 0.00820 
2 3- 9- 25 0.0606 0.0597 3- 10- 25 0.0220 0.0223 3- 11- 25 0.00732 0.00728 
3 13- 9- 25 I 0.1040 0.0101 3- 10- 25 0.0221 0.0223 3- 11- 25 0.00718 0.00690 
4 3- 9- 25 1 0.0471 0.0469 3- 10- 25 0.0239 0.0231 3- 11- 25 ().00802 0.00810 . 
5 3- 13- 25 0.0956 0.0943 3-14- 25 0.0184 0.0186 3- 15-25 0.0086 0.0079 
6 3- 13- 250.0698 0.0690 3- 14- 25 0.0142 0.0139 3- 15- 25 0.00727 0.00740 
7 3- 13- 25 0.0688 0.0690 3- 14- 25 0.0128 0.0125 3- 15-25 0.00712 0.00731 
8 3- 13- 25 I 0.0571 0.0558 3- 14- 25 0.0174 0.'0167 3- 15- 25 0.00861 0.00864 
9 3- 13- 25 / 0.0259 I 0.0260 3- 14- 25 0.0120 0.0125 3- 15-25 0.00762 0.00770 
I I I 
*Percent. by we ight 
the sample was calculated. Blank determinations showed that 
the two soda lime bottles were completely absorbing the CO2 
from the air. 
Several churnings were made in the large Victor and Pel'fec-
tion churns with the use of carbon dioxide. Samples were taken 
and analyzed immediately for carbon dioxide. A 10 pound tub 
was also filled with the butter and held in cold storage for 1 
month. Samples were taken from this tub at intervals of about 
one .week and analyzed for carbon dioxide. 
Several churnings were also made without the use of carbon 
dioxide. Analyses were made immediately and also at intervals 
of about a week. 
The results of the analysis of carbonated butter are shown in 
table XXII. Determinations A and B represent duplicate deter-
minations. These figures agree quite closely with those obtained 
for carbonated butter. In both cases the percent of carbon 
dioxide had dropped to an insignificant amount at the end of one 
month. 
Several batches ·of ice cream were frozen and whipped in the 
presence of carbon dioxide. The amount of carbon dioxide pres-
ent was determined immediately; one quart samples also were 
packed away in the hardening box to be examined later for 
carbon dioxide. '\.'he results of these analyses are shown in 
TABLE XXIV. PERCENT' OF CARBON DIOXIDE FOUND IN ICE CREAM 
(NOT CARBONATED) 
Percen t C02 I I Percen t C02 I Percen t C02 
Sample Date A B I Date I A I B I Date A I B 
I I I I I I 
1 3- 18- 25 1 0.01193 0.01189 3- 19- 25 0.00793 0.00801 3- 20-25 0.0080 I 0.0079 
2 3- 18- 25 0.01179 0.01171 3- 19- 25 0.0081 0.0079 3- 2'0- 25 0.00-82 0.0084 
3 3- 19- 25 0.0122 0.0124 3- 20- 25 0.00791 0.00789 3- 21- 25 0.0078 I 0.0074 
4 3- 19- 25 1 0.0150 0.0146 3- 20- 25 0.00803 0.00794 3- 21- 25 0-.0079 1 0.0081 
5 3- 19- 25 0.0125 0.0128 3- 20- 25 0.0085 0.0089 3- 21- 25 0.00,84 0.0096 
6 3- 19- 25 0.0129 0.0126 3- 20- 25 0.0084 0.0085 3- 21- 25 0.0085 0.0089 
7 3- 19- 25 I 0.0138 0.0131 3- 20- 25 0.00854 0.0081 3- 21- 25 0.0083 0.0079 
I I I I I I 
·Percent by w e ight. 
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table XXIII. Determinations A and B represent duplicate de-
terminations. The largest amount of carbon dioxide found in 
any of them was in sample 3 which contained 0.104 percent car-
bon dioxide by weight. The smallest amount was found in sample 
9, which had 0.02594 percent "by weight. In every case during 
storage the amount of carbon dioxide fell to about the same as 
found in normal ice cream as shown in table XXIV. These re-
sults indicate quite clearly that the carbon dioxide does not re-
main in the ice cream in any appreciable quantities. 
